In recent years, production of fossil fuel in Caspian sea has increased. The aim of the present study was to investigate acute effects of diesel oil as potential dangerous additives and to assess mortality effects of these petroleum products on valuable species of this large lake. Juveniles of Huso huso were exposed to the crude diesel oil (0, 10, 20, 40, 100, 500 and 1000 ppm). The median lethal concentration (LC 50 ) was determined with probit analysis. The results showed 100% mortality after 48 h in 500 and 1000 ppm, after 72 h in 100 ppm and after 96 h in 40 ppm. LC 50-96 h was 24.80 + 0.23 ppm. Our results confirmed sensitivity of Beluga to low diesel oil doses.
Introduction
In determining the toxicity of a new chemical to fish, an acute toxicity test is first conducted to estimate the median lethal concentration (LC 50 ) of the chemical in water to which the organisms are exposed. The LC 50 is statistically derived and is not a biological constant. The numeric value of the LC 50 has been used to classify and compare the toxicity of different chemicals. Mortality and survival over a specified period of time are the typical effect criteria in short-term (acute) tests. Continuous data are the sublethal effect criteria measured in long-term (chronic) tests (Boudou and Ribeyre, 1997) .
The 96-h LC 50 tests are conducted to measure the susceptibility and survival potential of organisms to particular toxic substances such as oil pollution. Higher values of LC 50 are less toxic because greater concentrations are required to produce 50% mortality in organisms (Di Giulio et al., 1993) .
LC 50 is the ambient aqueous chemical activity that causes 50% mortality in an exposed population. These calculations are based on two important assumptions. The first assumption is that the exposure time associated with the specified LC 50 is sufficient to allow almost complete chemical equilibration between the fish and the water. The second assumption is that the specified LC 50 , the minimum LC 50 kills the fish during the associated exposure interval. Fortunately, most reliable LC 50 satisfies these two assumptions (Boudou and Ribeyre, 1997) .
Living sturgeons (Acipenseridae) are representatives of the ancient group Chondrostei, which had a common origin with Palaeonisci, known from the Devonian period. In spite of their freshwater origin, in their history, they occupied different salinities and at present, they can live in both freshwater and seawater.
Petroleum products are one of the most relevant of aquatic ecosystems. Today, little research has been done on the effects of petroleum products on sturgeon (Di Giulio and Hinton, 2008) , and also considering the growing cases of environmental accidents involving spills of petroleum distillate products into continental waters in the last years in Caspian sea, the aim of the present study was to investigate acute effects of diesel oil as potentially dangerous additives and to assess the mortality effects of these petroleum products. In this study, we used diesel oil pollution because Caspian sea is one of the rich sources of oil products and every year the extraction of oil is very high; we used this species because sturgeon fish produce caviar and are very valuable, and Caspian sea in one of their rare ecosystem.
Material and methods
The experiments were conducted on young Beluga (average weight: 200 g). Only healthy fish, as indicated by their activity and external appearance, were maintained alive on board in a fiberglass tank. Specimen were transferred to a 400-L aerated tank.
All samples were acclimated for a week in a 15 aerated fiberglass tanks at 25 C under a constant 12:12-h light-dark photoperiod. Acclimatized fish were fed daily with a formulated feed. Dead fish were immediately removed with special plastic forceps to avoid possible deterioration of the water quality.
Diesel oil-tested concentrations were 0, 10, 40, 100, 500 and 1000 ppm pure oil; groups of seven Beluga were exposed for 96 h in a fiberglass tank equipped with aerating 200 L of test medium. Test medium was not renewed during the assay and no food was provided to the animals. Values of mortalities were measured at 0, 24, 48, 72 and 96 h (Hedayati et al., 2010b) .
Acute toxicity tests were carried out in order to calculate the 96-h LC 50 for diesel oil in Beluga, based on the study by Hotos and Vlahos (1998) . Mortality was recorded after 24, 48, 72 and 96 h and the values of LC 50 and its confidence limits (95%) were calculated by Boudou and Ribeyre (1997) . Percentages of fish mortality were calculated for each diesel oil concentration at 24, 48, 72 and 96 h of exposure.
Values of LC 50 were calculated from the data obtained in acute toxicity bioassays, by Finney's (1971) method of 'probit analysis' and with SPSS computer statistical software. In Finney's method, the value of LC 50 is derived by fitting a regression equation arithmetically and also by graphical interpolation by taking logarithms of the test chemical concentration on the x-axis and the probit value of percentage mortality on the y-axis (Finney, 1971) . The 95% confidence limits of the LC 50 values obtained by Finney's method were calculated with the formula of Mohapatra and Rengarajan (1995) .
Probit analysis
Probit transformation adjusts mortality data to an assumed normal population distribution that results in a straight line. Probit transformation is derived from the normal equivalent deviate (NED) approach developed by Tort and Torres. (1988) who proposed measuring the probability of responses (i.e. proportion dying) on a transformed scale based on the terms of population percentage or the SDs from the mean of the normal curve, with a mean ¼ 0 and SD ¼ 1. The linear relationship between probits and log concentration is similar to the relationship between NED and log concentration. The probit transformation adjusts mortality (proportion dying) or other quantal data to an assumed normal population distribution and yields a straight line.
Confidence interval
The degree of scatter of observed values at each concentration may be evaluated and expressed as confidence limits. The limits indicate the range within which the concentration-response line would fall in replicate tests in five of six samples (95% confidence interval) taken at random from the same test population under the same set of conditions. A series of such curves will be well correlated with each other at the 50% mortality level but not well correlated as mortality approaches 0 or 100% (Di Giulio and Hinton, 2008) .
The values of LC 10, 30, 50, 70, 90 are derived using simple substitution probit of 10, 30, 50, 70 and 90, respectively, for probit of mortality in the regression equations of probit of mortality versus diesel oil. The 95% confidence limits (CL) for LC 50 are estimated using the formula LC 50 (95% CL) ¼ LC 50 + 1.96 (SE (LC 50 )). The standard error (SE) of LC 50 is calculated from the formula SE LC 50 ð Þ¼1=b ffiffiffiffiffiffi pnw p , where b ¼ the slope of the diesel oil/probit response (regression) line; p ¼ the number of diesel oil used, n ¼ the number of animals in each group, w ¼ the average weight of the observations (Hotos and Vlahos, 1998) .
Slope
The cumulative probability of response is directly related to the standard deviates of the log concentration of the population. The slope (response/concentration) of the log concentration-response curve will indicate the relationship between a range of concentrations and the lethal response (Di Giulio and Hinton, 2008) .
Results
The mortality of Beluga for diesel oil chloride doses 0, 10, 20 40, 100, 500 and 1000 ppm were examined during the exposure times at 24, 48, 72 and 96 h (Table 1 ). Fish exposed for 24-96 h had significantly increased number of dead Beluga with increasing concentration. There were significant differences in the number of dead fish between the durations of 24 and 96 h, in each group.
There was 100% mortality at 1000 and 500 ppm concentration within the 49 and 56 h after dosing, and 100% mortality at 100 ppm within 68 h, whereas 100% mortality for 40 ppm was 92 h.
LC 50 of 10, 20, 30, 40, 50, 60, 70, 80 and 90% tests is given in Table 2 . Because mortality (or survival) data are collected for each exposure concentration in a toxicity test at various exposure durations (24, 48, 72 or 96 hours), data can be plotted in other ways; the straight line of best fit is then drawn through the points. These are time-mortality lines. The median lethal survival time (LT 50 ) can be estimated for each concentration. Statistical results of 96 h exposure for observed mortality, expected response and probit during probit analysis of results are shown in Figure 1 .
The end points of toxicity testing statistics consist of two parts: (a) Hypothesis testing: Is there a statistically significant difference between the mean response in the treatments and mean response in control or reference sample? LOEC: lowest observed effect concentration; NOEC: no observed effect concentration. (b) Point estimates: What toxicant concentration will cause a specific effect on the test population? LC 50 : the median lethal concentration. Our result for toxicity testing statistical end points is given in Figure 2 . The maximum acceptable toxicant concentration (MATC) was 10 (ppm) and application factors (AFs) was 0.40 (ppm). Figure 1 . Diesel oil response curve of Beluga exposed to 96 h acute toxicity test. 
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R E T R A C T E D Discussion
Acute toxicity data can help identify the mode of toxic action of a substance and may provide information on doses associated with target-organ toxicity and lethality that can be used in setting dose levels for repeated-dose studies. This information may also be extrapolated for use in the diagnosis and treatment of toxic reactions in humans. The results from acute toxicity tests can provide information for comparison of toxicity and dose-response among members of chemical classes and help in the selection of candidate materials for further work (Hedayati, 2010a) . The relationship between the degree of response of test organisms and the quantity of exposure to the chemical almost always assumes a concentrationresponse form. In our results, the y-axis represents percentage mortality and the x-axis represents concentration of diesel oil. Both variables increased with distance from origin. The cumulative responses to diesel oil concentrations yield the sigmoid (S-shaped) curve (Hedayati, 2010a) .
The 96-h value of LC 50 for catfish exposed to mercury under static test was determined to be 570 ppm (Elia et al., 2003) . The 96-h value of LC 50 of mercury for chub was found as 205 ppm and 96-h value of LC 50 for trout was 814 ppm (Verep et al., 2007) . On the estuarine fish, Pomatoschistus microps, LC 50 of copper and mercury at 96 h were 568 mg/L and 62 mg/L, respectively (Vieira et al., 2009 ). The concentrations of trace metals that resulted in the mortality of Haliotis rubra were investigated by exposing juveniles to acute concentrations of Cu, Zn, Hg and Cd for 96 h (Gorski, 2007) .
Other studies show different results, for example, the 96-h values of LC 50 of mercury chloride are 37 mg/L for fathead minnow, 160 mg/L for bluegill sunfish, 903 mg/L for rainbow trout and 200 mg/L for rainbow trout (Eisler and Gardener, 1993) . The 96-h values of LC 50 for mercury are found to be 75 mg/L for the catfish (Sarothrodon mossambicus), 33 mg/L for the rainbow trout (Salmo gairdneri), 110 mg/L for the banded killifish (Fundulus diaphanous) and 90 mg/L for the striped bass (Roccus saxatilis) (Rathore and Khangarot, 2002) .
In the present study, values of LC 50 indicated that diesel oil is more toxic to Beluga. Values of LC 50 obtained in the present study when compared with corresponding values that have been published in the literature for other species of fish show different LC 50 for diesel oil in different species and even at different times, but what is important is the lower values of LC 50 for Beluga when compared with most species and confirm sensitivity of Beluga to low diesel oil doses. Although the LC 50 under a defined set of environmental conditions can provide useful information, the numerical value cannot be used in the field, so in continuation, we used some biomarkers for better understanding of diesel oil toxicity.
